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MEASUREMENT  OK  BLAST  PARAIISTEES 


1.  In  investigating  the  effect  of  blast  on  structural  components  of 
aircraft,  the  components  were  subjected  to  blast  '>aves  from  bare 
charges  of  Ti.'T,  and  the  critical  blast  parameters  v/ore  measured  by  an 
array  of  instrumentation  located  near  the  components  and  at  the  same 
radius  from  the  charge.  This  report  discusses  those  nhases  of  the 
instrumentation  and  the  measurement  techniques  which  are  pertinent  in 
evaluating  results  of  the  tests. 

2.  The  instrumentation  via s  designed  to  nrovide  information  on  the 
following  significant  blast  parameters: 

a.  A  time  history  of  free  overpressure. 

b.  A  time  history  of  the  reflected  overpressure. 

c.  Free  air  peak  overpressures  using  th.-  velocity  method. 

From  the  above,  additional  parameters,  such  as  the  duration  of 
the  positive  phase  and  the  impulse  can  be  determined.  Cathode-ray 
recording  oscilloscopes  have  been  provided  for  recording  all  the  aN)ve 
parameters.  In  addition,  a  high  speed  camera  has  been  used  in  some 
tests  to  record  the  movement  of  the  shock  front  by  the  "broken  wire" 
method.  Two  Buck  interferometer  gages  were  obtained  to  supplement 
the  time  history  recording.  However,  the  buck  gages  wore  not  in 
operating  condition  when  received  and  subsequent  work  was  not  suc¬ 
cessful  in  attaining  satisfactory  operation.  In  an  attempt  to  get 
some  information,  one  of  the  gages  was  set-up  on  a  recoiling  platform 
and  operated  on  detonation  27 •  The  gage  was  damaged  as  a  result  of 
the  blast,  the  monochromatic  filter  was  detached  and  the  sprinrs 
holding  the  cover  plate  were  stretched  and  released  the  cover. 

Further  work  with  those  gages  was  discontinued. 

3.  The  array  of  gages  for  oscillographic  instrumentation  consisted 
of  two  douvle-faced,  edge-on,  piezo-cicctric  gages  for  measuring,  free 
overpressure  versus  time  and  two  single-faced,  face-on,  piezo-electric 
gages  for  measuring  reflected  pressure  versus  time.  Eight  velocity 
gages  wore  mounted  in  two  horizontal  rows  at  the  start  cf  the  test, 
llov/ever,  as  the  work  progressed  the  gapes  were  placed  on  mere  sub¬ 
stantial  stands,  and  were  arranged  in  three  dimensional  arrays  in 
order  to  record  the  directional  effects  of  the  Mast.  Details  of  the 
orientation  of  th  gages  arc  given  in  Appendix  <P)y  Figures  8,  9,  10, 
and  11. 
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4.  Two  complete  instrument  trailers  wore  fitted  out  with  Cathode-ray 
recording  instruments  and  tested  in  the  field  by  detonating  small 
charges.  Appendix®,  figures  12  and  13  are  block  digrams  of  the 
instrumentation  system.  The  trailers  v^ere  protected  from  direct 
action  of  the  blast  by  an  earth  bunker  at  the  test  site. 


5.  The  Hankino-Hugoniot  equations  were  used  to  compute  peak  ores sure 

£s  _  2  Y  (  U2  , 

from  the  blast  velocity  data*  p0  ~  v-+i  \c2  “  / 

where  Ps  =  shock  wave  overpressure 
?o  =  Atmospheric  orcssure 
'  =  Katie  of  specific  heats  for  air  =  1.40 

u  =  Shock  wave  velocity 

C  =  Velocity  of  sound 

In  these  equations,  the-  governing  quantity  is  the  ratio  between  shock 
velocity  and  sound  velocity.  If  differ.nt  sets  of  pares  arc  us -d  to 
measure  these  two  velocities,  it  is  essential  that  the  space  intervals 
between  gages  be  known  with  extreme  orecision. 


In  order  to  avoid  the  necessity  for  precise  measurements  of  gage 
positions,  the  sound  velocity  was  measured  with  the  same  sets  of  gapes 
as  were  used  for  shock  velocity.  The  procedure  for  accomolishing 
this  involved  mounting  a  small  charge  as  a  sound  source,  in  lino  with 
the  charge  and  the  pipes,  and  igniting  this  "cap"  aoproximatcly  200 
milliseconds  before  detonating  the  charge,  \lith  this  method,  not  only 
are  any  inaccuracies  in  the  measurement  of  gages  intervals  cancelled, 
but  also  errors  in  thi  accuracy  of  the  time  base  arc  cancelled.  It 
is  rccornized  that  this  method  provides  only  a  partieil  compensation 
for  wind  velocity,  since  it  is  based  on  the  aoproximation  that: 

U  ♦  W  -  U 
C  +  C 

U  =  Shock  wave  velocity 

C  -  Velocity  of  sound 

W  =  Wind  velocity  component  parallel 
to  direction  of  blast  wave  propa¬ 
gation. 
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However,  the  a’ove  approximation  introduces  errors  of  such  small 
magnitude  that  they  were  considered  negligible  under  wind  conditions 
prevalent  during  the  tests  reported  herein.  For  example,  a  value  of 
W  of  30  fps  would  produce  an  error  of  only  3  nor  cent  in  a  10  osi 

P 

shock  pressure  determination.  For  convenience,  a  curve  of  — £  versus 

Po 

^  was  drawn  and  is  included  as  Figure  1,  Appendix  ('0.  The  uoorr  curve 

vv 

in  Figure  1  is  the  shock  wave  pressure  based  on  a  nominal  atmospheric 
pressure  of  14.7  osi. 

6.  The  results  of  measurements  of  blast  parameters  arc  contained  in 

Appendix  0$.  An  examination  of  the  preliminary  data  shows  that  when 
pressures  were  computed  from  velocity  ea <-c.s,  under  the  assumotion 
that  the  blast  front  progressed  in  a  direction  parallel  to  a  line 
between  the  charge  and  the  gages,  (i.c.,  true  spherical  wave),  the 
upner  and  lower  rows  of  velocity  "ages,  (for  heights,  see  Aeoendix  <$, 
Figures  ft,  9,  10,  and  11),  yielcd  peak  pressure  values  which  differed 
by  p.n  amount  sufficient  to  imply  a  definite  causativ  condition, 
al-uj-Jr.h  the  decay  of  pressure,  as  recorded  by  successive  intervals 
ir  ach  row,  appeared  reasonable.  Figure  5*  Appendix  C),  shows  these 
ras^lts  graphically.  In  general,  the  uooor  row  of  gages  indicated 
tie  higher  pressure,  and  there  is  some  00s  V  ility  that  such  a  pres¬ 
sure  differential  actually  existed.  However,  no  such  discrepancy 
existed  between  the  upper  and  lower  ‘.dge-on  gages  (see  Firure  4, 
Appendix  (D))  and  in  several  cases  the  condition  was  reversed,  i.e., 
the  lower  velocity  gages  indicated  the  higher  pressures.  On  the 
hypothesis  that  the  above  results  might  be  due  to  propagation  of  the 
wave  in  a  direction  sliphtly  different  from  that  of  sehorical  prep¬ 
aration,  a  formula  was  derived  whereby  one  pressure  value  is  derived 

from  the  first  two  gages  in  both  rows,  and  is  independent  of  the 

direction  of  propagation  of  the  wave .  The  pressures  derived  by  this 

method  are  considered  to  be  very  close  to  the  true  pressures  and  to 

be  the  most  re-lialle  values  of  pressure  obtained  in  thu  tests.  These 
values  determine  a  well-defined  curve  (Figure  3?  Appendix  (B))  when 
plotted  against  reduced  distance.  Tht  derivation  of  thn  formula  is 
included  in  paragraph  9. 

7.  The  method  of  stacking  the  TNT  block3  to  form  the  charge  is  shown 
in  Appendix  (P),  Figure  15.  All  of  the  sketches  on  this  diagram  show 
the  charges  as  thw'y  would  appear  to  an  observer  standing  4 5®  to  the 
right  of  th.  line  between  the  charges  and  the  gages  or  aircraft 
structures.  Appendix  (Q,  Table  V,  contains  further  details  on  the 
charges.  The  ideal  charge  shape  for  the  purpose  of  this  test  would 
have  been  spherical,  but  the  large  physical  size  of  the  individual 
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blocks  prohibited  a  soherical  arrangement.  Consequently,  on  detona¬ 
tions  12,  13  and  14,  the  arrangement  was  in  tho  form  of  a  low  square 
(flat  distribution).  On  the  remaining  detonations,  an  attempt  was 
made  to  arrange  the  blocks  so  as  to  aooroximatc  a  verticil  cylinder, 
within  tho  limits  imoosod  by  tho  number  of  Mocks  required.  There  is 
no  doubt  that  the  stacking  arrangement  produces  directional  effects* 

In  detonations  12,  13  and  14  the*  charge  distribution  was  low  and 
symmetrical  about  the  vertical  axis.  The  results  (sec  Figures  3-6 
at  Z  *  8. 8-9* 3)  arc  av>out  25#  below  a  curve  through  the  oth  :r  points. 
It  is  likely  that  the  more  subtle  stacking  variations,  which  would 
exist  even  in  those  detonations  ostensibly  identical,  greatly  contrib¬ 
ute  to  tho  scatter  of  observed  pressures.  In  the  next  phase  of  the 
test,  every  attempt  will  be  made  to  obtain  uniform  charge  arrangements. 

c 

8.  In  Figure  7,  Appendix  (B),  is  shown  the  correlation  between  the 
pressures  measured  by  the  edge-on  gages  and  those  derived  from  the 
velocity  method.  It  can  be  seen  that  the  edge-on  gage  yielded 
slightly  higher  values  in  low  pressures  and  their  apparent  sensitivity 
is  reduced  in  the  hirher  pressures.  The  latter  is  to  be  expected 
from  the  effects  of  mass  flow. 


9.  Derivation  of  Formula  used  in  Computing  Derived  Pressures. 


The  gage  stand  used  for  the  first  26  detonations  was  particularly 
sensitive  to  the  angle  of  arrival  of  the  blast  *ave,  From  Figure  2, 
Appendix  CO,  it  can  be  seen  that  if  a  blast  wave  arrives  at  an  angle 
,  with  the  centerline  of  the  gage  array,  the  time  interval  measured 
by  gages  1  and  2  will  be  considerably  shorter  than  the  interval 
measured  by  gages  5  and  6. 

The  following  is  a  derivation  of  a  formula  for  computing  the 


velocity  ratio  H  and  thus 

c 


the  shock  wave  overpressure  for  the  case  in 


which  the  pressure  front  of  velocity  U  produced  by  the  charge  and 
the  pressure  front  of  velocity  C  produced  by  the  cap  are  incident 
on  the  gage  stand  from  different  directions.  The  derivation  utilizes 
the  fact  that,  from  the  two  pairs  of  gages,  two  linearly  independent 
equations  (1A  and  13  below)  in  two  unknowns  may  be  obtained.  The 
two  unknowns,  velocity  and  angle  of  arrival,  can  therefore  le  solved 
independently. 


In  Figure  2,  Appendix  (A),  is  the  ancle  between  the  center  line  of 
the  gage  stand  and  the  orojection  on  a  horizontal  plane  of  the  normal 
to  the  blast  front.  *  is  the  angle  of  orientation  of  the  gage  nairs 
(#1  to  #2  and  to  i! 6)  with  respect  to  the  center  line,  h,  in  feet, 
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is  measured  in  a  direction  parallel  to,  and  a,  in  feet,  is  measured 
in  a  direction  'lernendicular  to  the  center  line,  h  and  a  form  the 
two  legs  of  a  rimht  triangle  whose  hypotenuse  terminates  in  a  gape  at 
each  end.  V  is  the  averare  velocity  over  each  page  pair,  assumed  the 
same  for  each  gape  oair.  ti2  is  the  time  interval  as  measured  by  the 
first  gage  oair  of  the  uooer  set  (rapes  ?>1  and  i-2)  •  is  the  time 

interval  as  measured  by  first  pair  of  the  lower  set  (gapes  #5  and  ^). 

Although  the  grge  pairs  were  displaced  above  and  ho low  the  center 
line  for  most  detonations,  since  both  gages  of  each  pair  are  at  the 
sane  height,  the  time  intervals  are  measures  of  the  horizontal  com- 
nonent  cf  velocity.  The  error  introduced  by  neglecting  the  vertical 
component  of  velocity  is,  in  this  case,  small  compared  with  the  errors 
resulting  from  the  horizontal  angle  £  .  The  three  dimensional  deri¬ 
vation  eliminates  this  error. 

From  Figure  2,  in  the  time  interval  (time  12-t^) ,  the  blast 


front  travels  a  distance  V^i2.  Since  side  A  =  side  2  =  Jh2  +■  a2, 


la)  V  t12 

=''■!  h2  +  a2 

cos  +  4 )  and 

lb)  V  t56 

='\j  h2  +  a2 

cos  ( X  -  f  )  . 

Expanding, 

v  ^12 

=  'J  h2  +  a2 

cos  <*■  cos  C  -  '  ' 

h2 

•f-  a2  sin  iy'-  sin 

V  ?  56 

cos  *  cos£  +  -y! 

h2 

a2  sin  *  sin  f 

since  h  = 

h2  +  a2  cos  oc 

r*  p 

and  a  =  \J  + 

I2 

sin  *- 

2a)  Vl  12 

-  h  cos  <P  - 

a  sin  4> 

2b>  vr?6 

-  h  cos  4  + 

a  sino. 

Adding  2a  and  2b  and  collecting  terms, 

3a)  cos  4=1  012  +  2-56  V 

h  \  2 


Subtracting  2a  from  2b  and  collecting  terms, 

3b)  Sine  =  1  (Jl5L=-£1&  \  • 
a  v  2  / 
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Squaring  3a  and  3b  and  adding, 

|V  (J.12.+  1  2  \yf  656  -  ^12  \  !  2  . 

[h  ».  2  /j  +  |aV  S - /j 

since  cos2  p  +  sin2  p  -  1  for  any  angle  • 
Solving  the  above  for  V, 


x*  h 


(  LIZ  +  v  56  H  *  +  i  m 
2  /J  4taV 


A  convenient  form  of  equation  4  is 


f  .12  +  f  56’,  2  +  h2 


If  C  56  -  L  12  is  very  small,  5  becomes  h  divided  by  the  average  of 
che  intervals  ?  12  and  l  %.  7  56  -  ~  12  is  procortional  to  the  devi¬ 
ation  from  the  case  ^  12  =  £  56  or  ^  =  0. 

From  3a  and  3b, 

6)  <P  -  tan  “•*-  !  —  / T. 5.6., 12 


-  a  .  f 


56  +  w  12 


Let  U  be  the  velocity  of  the  blast  front  with  intervals 
T12  and  T56 

Let  C  be  the  velocity  of  the  cap  front  (used  as  the  velocity  of 
sound)  with  intervals  ti2  and  t^6» 


From  equation  5» 

f  t-a  ♦  t!2  1  2  ;'h  / 

( U\2  _  L  2  J  _  „a  v  2 

7)  "  f  T56  +  T12  Y  2  ,  ’  h  T56  -  Ti2\ 

2  j  a  2 
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This  final  result  is  employed  in  tho  Rankino-Uugc niot  equation 

O 


£5  = 


2  r  ,'u)2  -  i; 
f  +  1  .  c 

7  L  *  i 


where  P, 


Pp  is  tho  blast  overpressure,  Pq  is  tho  atmospheric  pressure, 
and  b  is  the  ratio  of  specific  heats  icr  air. 

Since  X  ^  -  ■'  12  relatively  snail  in  comparison  with 

^  t  7 12  >  reasonable  errors  in  h  and  a  cause  vary  little  error 
in  the  derived  pressure  Pe. 


The  above  derivation  provides  only  a  two  dimensional  correction 
for  angle  of  arrival.  Tho  three  dimensional  cas>_  has  hem  worked 
out.  Two  now  i-age  stands  have  been  constructed  ./hose  desirn  (sec 
Figure  11)  was  based  on  this  latter  derivation.  They  havo  been  used 
on  all  detonations  su'  sequent  to  numv .r  26.  The  three  dimensional 
derivation,  together  with  other  necessary  considerations,  is  to  be  in 
a  later  report.  The  resulting  equation  which  was  used  in  computation 
of  derived  pressures  for  detonations  27  to  31  isi 


9) 


a'2 

C' 


*'132  +  l22  [  h3fc12  *  h2ti3J2  +  h3t14  -  h4tl3j 

Tl32  +  ~22  [  h3T12  "  h2?13|2  +  [  h3Tl4  -  ^131 

“  *  i.  J 


hero* 


U  is  Shock  wave  velocity 
G  is  Sound  velocity 

h3  is  longitudinal  distance  from  gage  1 
baseline) 

h2  is  longitudinal  distance  from  gage  1 
h4  is  longitudinal  distance  from  gage  1 
is  lat- ral  distance  from  baseline  to 
a4  is  lateral  distance  from  baseline  to 


to  gage  3 

to  gage  2 
to  gare  4 
gage  2 
gage  4 


(the 


tl2>  *13*  &  *14  arc  the  ti;nc  intervals  from  the  first  gage 

to  the  Nos.  2,  3,  and  4  gages,  respectively,  obtained  from  the  sound 
detonation. 
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Ti2>  T 23 ,  &  T^4  are  the  courts condim-  time  intervals  obtained 
from  the  shock  wave. 

In  either  the  numerator  or  the  denominator,  the  first  term  of 
equation  9  may  be  called  the  baseline  term,  tiv  second  term  called 
the  horizontal  deviation  term,  and  the  last  the  vertical  deviation 

t  rm . 


The  similarity  between  equations  7  and  9  can  bo  seen  if  the 
average  term,  ,*  A.r.  ,  of  equation  7  is  considered  as  the 

baseline  term.  The  effects  of  wind  have  been  analyz  .a  and  a  small 
correction  factor  can  be  employed  if  reliable  wind  data  arc  available. 
The  curvature  of  the  front  can  be  corrected  for  if  it  is  assumed  that 
the  radius  of  curvature  is  equal  to  th  charrc  distance.  Howovvr, 
this  is  an  extremely  small  effect  at  the  distances  used.  Measurements 
have  been  made  of  the  pressure  remaining  in  th-'  sound  wave  (1/2  lb. 

TUT  at  200  ft.)  and  the  results  range  from  0.1  to  0.3  ?si.  This  causes 
pressure  values  as  measured  by  the  velocity  method  to  be  low  by 
approximately  that  amount,  '..'hen  more  data  are  available,  a  correction 
can  be  made  for  this  finite  pressure  in  the  "scund!l  wave. 
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SUMMARY  OF  PRESSURES 


Derived 


Detonation 

Pressure 

Impulse 

Number 

PS  I 

Lh.  lEEC/Uli 

1 

2.5 

27 

2 

3.1 

31 

3 

4.0* 

34 

4 

4.7* 

33 

5 

6.0* 

42 

6 

5.5 

44 

7 

7.7* 

54 

8 

7.0 

53 

9 

7.4 

56 

10 

8.0 

57 

11 

8*3 

61 

12 

6.6 

41 

13 

6.5 

43 

14 

7.5 

43 

15 

11.0 

73 

16 

11.2 

66 

17 

12.6 

72 

18 

13.4* 

67 

19 

11.1 

55 

20 

15.0 

64 

21 

11.2* 

62 

22 

11.6* 

52 

23 

13.4 

57 

24 

13.8 

66 

25 

17,6 

98 

26 

15,6 

— 

27 

17.4* 

87 

28 

16.2 

81 

29 

18,6 

97 

30 

*•  «■ 

•  • 

31 

30.6 

93 

NOTES:  (1)  Pressure  is  derived  from  velocity  gages  except  *  which  is  upper  edge- 
on  gage  reading  (see  Fig.  7  Appendix  W  for  comparison  of  dorivod  and 
edge-on  pressures) 

(2)  Impulse  is  that  measured  by  the  upper  edge-on  gage. 
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TABLE  II 

VALUES  OF  DISTANCES.  CHARGE  WEIGHTS  AND  PRESSURES 


Date 

Pressures. 

PSI 

1952 

Pet. 

R 

W 

1-J. 

2=2 

2=4 

2=6 

6-7 

7-8 

4/23 

1 

160 

350 

2.6 

2.4 

.  •  • 

2.5 

2.3 

... 

5/2 

2 

160 

450 

4.4 

4.3 

4.0 

2.3 

2.5 

2.3 

5/2 

3 

120 

300 

— 

— 

- — 

— 

— 

5/7 

4 

120 

375 

— 

— 

— 

— 

— 

— 

5/7 

5 

120 

450 

— 

— 

— 

•  mm 

— 

5/8 

6 

ICO 

300 

5.8 

5.2 

5.1 

5.4 

4.5 

4.8 

5/8 

7 

100 

350 

— 

w  «a 

m  mm 

— 

— 

— 

5/9 

8 

ICO 

4C0 

6.9 

6.5 

6.2 

7.2 

7.0 

6.3 

5/9 

9 

ICO 

450 

9.5 

8.7 

8.0 

6.3 

6.2 

5.9 

5/9 

10 

ICO 

500 

9.7 

9.0 

8.2 

7.4 

7.2 

6.7 

5/12 

11 

93 

450 

9.4 

9.6 

8.0 

7.8 

7.4 

6.7 

5/13 

12 

93 

500 

7.8 

7.1 

6.5 

5.7 

5.6 

5.2 

5/15 

13 

88 

450 

7.5 

6.6 

5.8 

5.8 

— 

. — 

5/21 

14 

SS 

5CC 

9.1 

8.1 

7.5 

6.3 

6.7 

6.2 

5/22 

15 

83 

450 

11.9 

10.7 

1C.0 

10. C 

9.9 

8.7 

5/22 

16 

83 

500 

10.8 

1C.  8 

9.9 

11.6 

11.0 

9.7 

5/23 

17 

79 

450 

13.0* 

11.9* 

m  mm 

12.4* 

12.5* 

- — 

5/23 

18 

79 

500 

— 

— 

m  mm 

13.0 

12.2 

11.0 

5/27 

19 

76 

450 

12.1 

11. 1 

10.3 

1C.  2 

10.1 

9.5 

5/27 

20 

76 

500 

15.9 

14.1 

12.6 

14.1 

13.4 

11.9 

5/28 

21 

73.5 

450 

---- 

— 

10.2 

11.0 

— 

— 

5/28 

22 

73.5 

500 

— 

9.2 

9.2 

10.6 

9.2 

8.4 

5/28 

23 

7G 

450 

13.9 

11.8 

11.3 

12.9 

11.4 

10.9 

NOTES: 

(1) 

R  =  Distance 

in  feet  from  charge  to 

mid -point  between 

gages 

(2)  W  =  height  of  charge  in  pounds  of  TNT. 

(3)  Intervals  1-2,  2-3,  3-4,  Upper  Velocity  Gages. 

(4)  Intervals  5-6,  6-7,  7-8,  Lo^er  Velocity  Gages. 

(5)  *  Those  values  are  questionable  due  to  a  poor  record. 
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TABLE  II  (Continued) 


Date 

Pressures. 

PS  I 

12^2 

R 

5 

1-2  2-3 

“H  ST 

6-7 

M  13 

bAO 

24 

70 

450 

13.3  11.8 

10.3  14.6 

12.8 

11.7 

6/16 

25 

70 

500 

17.8  16.0 

14.0  17.2 

16.1 

14.5 

6A7 

26 

67 

450 

15.7  13.4 

11.3 

— 

13.2  16.9 

(1-3) 

(5-7) 

6/20 

27 

67 

500 

_ 

20.0 

6/26 

28 

70 

500 

17. C 

17.9 

6/27 

29 

67 

500 

19.3 

18.7 

6/27 

30 

64 

500 

— 

— 

7A 

31 

61 

500 

32.4 

33.3 

NOTES: 

U) 

R  *  Distance  in  feet  from  charge  to  mid-point  between  gages 

1“2, 

5-6  and  (1-3),  (5-7). 

(2) 

W  *  Weight  of  charge  in  pounds  of  TNT. 

(3) 

Intervals  1-2, 

2-3,  3-4  and  (1-3), Upper  Velocity  Gages. 

(4) 

Intervals  5-6. 

6-7,  7-8  and  (  5-7),  Lower  Velocity  Gages. 

(5) 

New  gage 

stands  of  same  height 

on  detonations  No.  27  through  31. 

(6) 

Wing  (F9F,  RH)  replaced  by  Wing  (F9F,  LK)  on  detonations 

No.  28  through  31. 

(7) 

Damage  occurred  to  wing  F9F,  LH  on  all  detonations. 
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Sco;e  C  is  triggered  on 

Cap  is  fired  through 
safety  switch  by  6 
storage  batteries 


Approximate  delay 
in  milliseconds 


30  ICO  10G  18 


Sequence 

Timer 


Duplexer  switches  inputs 
from  scoyse  C  to  D 

Charge  is  fired  through 
safety  switch  by  6 
storage  batteries 

Scopes  A,  B,  and  D  are 
triggered  on 


Make  circuit  from  photographer 1 8 
delay  box  starts  operation 


Measures  cap 
delay 


Potter 
interval 
co'uit1.  r 


Potter 

interval 

counter 


Measures  charge 
delay 


Crystal 

Controlled 

Timing 

Standard 


Operates  timing  pips;  all  scopes, 


Charge  Step 
Calibrator 


FM  Radio 
Transceiver; 
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In  detonations  1  -  24,  a  #6  blasting  cap  and  Me.  44  Booster  were  taped  together 
so  as  to  bo  symetrical  about  the  vertical  axis. 


The  cap  assembly  was  hung  from  a  vertical  pipe  50'  from  the  first  velocity  interval, 
with  a  1-foot  right-angle  pipe  fixed  to  the  top  so  that  the  cap  would  clear  the 
vertical  pipe. 

It  should  also  be  noted  that  on  detonations  2  and  3  a  special  engineer's  cap  was 
used  to  try  to  reduce  the  slight  overpressure  (.2  psi  estimated)  from  the  ^6  cap 
and  Me.  44  booster.  However,  this  was  not  satisfactory  as  the  records  were  too 
small  to  evaluate. 

DETONATIONS  25  -  31: 

The  above  cap  arrangement  was  changed  to  l/2  pound  block  of  TNT  detonated  by  a 
special  engineer's  blasting  cap  at  2C0  feet  from  the  first  velocity  interval  be¬ 
cause  detonation  No.  24  blew  the  cap  support  into  the  gage  array.  It  turned  out 
that  the  1/2  lb.  TNT  gave  a  cleaner,  sharper,  and  more  reproducible  signal  at  a 
slightly  lower  pressure  than  the  first  arrangement. 
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TABLE  V 

MAIN  CHARGE  DATA 


height  of 

Approximate 

Direction  of 

Det. 

Distance 

Charge 

Charge  Shape 

Normal 

to 

No. 

from  ‘Vine  (ft) 

Uba.) 

( see  Figure  15) 

Charge  Face 

1 

160 

350 

Wall 

Toward  Wing 

2 

160 

45C 

it 

n 

tt 

3 

120 

300 

tt 

ii 

"  S< 

4 

120 

375 

n 

n 

ti  i 

5 

120 

450 

it 

it 

ti  t 

6 

ICO 

30C 

tt 

n 

ft 

7 

ICC 

350 

tt 

tt 

tt 

8 

ICO 

400 

t» 

it 

it 

9 

ICO 

450 

*  " 

ii 

tt 

10 

ICO 

50C 

it 

ii 

tt 

11 

93 

45C 

n 

n 

tt 

12 

93 

500 

Flat  Distribution 

n 

tt 

13 

88 

450 

M  It 

n 

VI 

14 

88 

500 

It  tt 

Midway  between 

15 

83 

450 

Cylinder 

Wing  &  Gages 

16 

84 

5CC 

it 

n 

ft 

17 

79 

450 

n 

Toward  Gages 

18 

79 

5CC 

it 

It 

tt 

19 

76 

450 

n 

;» 

tt 

20 

76 

500 

tt 

tt 

tt 

21 

73.5 

450 

it 

it 

n 

22 

73.5 

500 

n 

tt 

ft 

23 

70 

450 

it 

tt 

tt 

24 

70 

450 

n  Same  as 

21 

it 

n 

25 

70 

500 

"  Same  as 

22 

it 

it 

26 

67 

450 

"  Same  as 

15 

tt 

tt 

27 

67 

500 

n  Same  as 

22 

ti 

n 

28 

70 

500 

"  Same  as 

22 

n 

it 

29 

67 

500 

”  Same  as 

22 

tt 

tt 

30 

64 

500 

"  Same  as 

22 

it 

tt 

31 

61 

500 

w  Same  as 

22 

vt 

it 

NOTES: 

Remarks 


See  Note  6 


n 

tt 


3 

A 


1,  The  charge  was  placed  on  a  5  ft.  wooden  stand  and  so  arranged  that  fragments 
would  not  be  thrown  toward  the  wing. 
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TABLE  V  (Continued) 


2,  The  charge  was  made  of  49-lb,  blocks  of  cast  TNT-A  Mk.  14  Mod.  1.  Figure  15 
shows  the  way  it  was  placed  for  each  detonation. 

3«  Detonation  No.  4  had  25  one-pound  blockB  in  addition  to  those  sham  on  the 
drawing.  Also,  one  of  these  blocks  was  used  for  a  booster. 

4.  Detonation  No.  5  had  6  one-pound  blocks  of  TNT  in  addition  to  those  shown  and 
one  of  these  was  used  for  a  booster.  All  the  other  detonations  had  a  one-pound 
block  of  comp,  C  (m3)  for  a  booster. 

5«  All  the  detonations  v/ere  centrally  initiated  7ith  a  special  engineers  cap 
placed  in  the  booster  in  the  center  of  the  charge. 

6.  On  all  detonations  except  No.  3,  a  6"  thick  armor  plate  was  placed  on  the  ground 
under  the  charge  stand.  No  plate  was  used  on  detonation  Mo.  3. 
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TABLE  VI 

Location  of  Blast  Gages 


Det. 

No. 

Dist,  from  Chg, 
to  Center  of 
First  Interval 

Upper 
Edge -on 
Gage  No. 

Lower 
Edge -on 
Gage  No. 

Upper 
Face-on 
Gage  No. 

Lower 
Face -on 
Gage  No 

Remarks 

1 

160 

1C 

11 

3  Op. 

7  No. 

See 

Figure 

8 

2 

160 

10 

11 

3 

ft 

7 

It 

91 

ff 

8 

3 

120 

10 

11 

3 

19 

7 

II 

It 

tl 

3 

4 

120 

10 

11 

3 

It 

7 

tl 

tt 

II 

8 

5 

120 

10 

11 

3 

It 

7 

II 

tl 

tt 

9 

6 

12C 

1C 

11 

4 

ft 

7 

tl 

tt 

tl 

9 

7 

ICC 

10 

11 

4 

H 

7 

It 

tt 

tl 

9 

8 

100 

10 

11 

4 

tt 

n 

n 

tt 

tt 

9 

9 

ICC 

1C 

11 

4 

It 

7 

it 

ft 

<t 

9 

10 

ICC 

10 

11 

4 

ft 

7 

n 

It 

II 

9 

11 

93 

10 

11 

4 

tt 

7 

it 

ft 

It 

9 

12 

93 

10 

11 

4 

tt 

7 

ti 

II 

tt 

10 

13 

88 

10 

11 

4 

It 

5  Op. 

It 

tt 

10 

14 

88 

10 

11 

4 

It 

5 

it 

II 

tt 

9 

15 

83 

10 

11 

4 

It 

5 

n 

II 

ft 

9 

16 

84 

1C 

11 

4 

II 

5 

it 

n 

tt 

9 

17 

79 

1C 

11 

4 

It 

5 

it 

w 

ff 

9 

18 

79 

1C 

11 

4 

ft 

5 

it 

n 

It 

9 

19 

76 

10 

11 

4 

II 

5 

tt 

ti 

tl 

9 

20 

76 

10 

11 

4 

tt 

5 

n 

ti 

II 

9 

21 

73.5 

10 

11 

3 

tl 

5 

tt 

it 

tl 

10 

22 

73.5 

10 

11 
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NOTE 

• 

• 

1. 

For  detonations  1 

-  26,  double  faced 

Piezo-c 

Jloctric  gages 

were  used  but 

the 

rear  face  .7as  covered  by  a  plate  and  gasket.  "No,"  and  w0p."  refer  to  the 
numbered  side  of  the  gage  and  the  side  opposite  the  number  respectively,  and  thus 
indicate  which  side  v;as  facing  the  charge. 
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T.F 


■i_£j 


VII 


GENERAL  NOTES  ANL  DEFINITIONS 


1.  All  pressure-time  blast  gages  v/ere  placed.  at  the  same  radial  dis¬ 
tance  as  the  front  of  the  wing.  (This  is  defined  as  the  charge  dis¬ 
tance.) 


2.  The  bisection  of  the  angle  formed  by  the  2  lines  of  velocity  gag«,s 
was  on  a  radial  line  from  the  center  of  the  charge.  At  the  center  of 
the  first  interv.il,  this  line  was  approximately  14  feet  from  the 
center  of  the  wing. 


3.  The  sound  velocity  cap  was  in  a  direct  line  with  the  charge  and 
the  center  of  the  velocity  gage  array. 


4.  All  computations  of  pressure  used  the  correction  for  the  current 
atmosoheric  pressure  and  considered  the  sound  velocity  cap  velocity 
interval  equal  to  the  true  sound  velocity  interval. 

5.  The  edge-on  gage  pressures  are  obtained  from  a  static  calibration, 
which  was  sullied  by  the  manufacturer  (Cambridge  Thermionic  Corp.) 
and  a  charge  step  calibration  was  used  for  each  detonation. 

6.  Impulse  is  here  defined  to  be  one-half  the  oroduct  of  the  edge-on 
pressure  and  the  duration  of  the  positive  phase  of  the  particular 
gage  used. 

7.  The  relation  used  to  compute  the  shock  pressure  from  the  edge-on 

rages  is  as  follows:  P  s  ~  ^  •  Cfi 

Dc  KA 

Where  Ds  =  Signal  deflection, 

Dc  =  Calibration  stop  deflection, 

Cc  =  Canacity  of  calibration  condenser  (mmf) , 

Vc  =  Voltage  of  calibration  step  (volts), 

KA  =  Static  calibration  of  gage  (mm  vJ/PSI), 
and  Ps  =  Overpressure  (usi). 
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DESCRIPTION  OF  ".LAST  AREA 
_ METHOD  OF  WING 


,  C  E’ER .4  L. 
ATTACH!.  ENT 


OUT,  AND 


The  overall  layout  of  the  blast  area  may  be  seen  in  Figure  16.  This 
drawing  shows  relative  positions  of  blast  site,  structure  supports, 
gage  stand,  camera  positions,  instrument  trailer  positions  and  u&rri- 
cacies.  The  photograph  in  Figure  17  shows  the  blast  area  as  seen  from 
the  charge  site  loG  feet  in  front  of  the  wing  under  surface.  The 
position  of  the  wing  relative  to  the  gage  stand  and  the  concrete 
foundation  slab  is  shown  in  Figure  18. 

Three  high  sneed  16mm  Fastax  cameras  were  used  for  each  detonation. 
Their  positions  are  shown  in  Figure  16.  Camera  No.  1,  at  the  90° 
position  relative  to  the  line  connecting  the  wing  and  the  blast,  was 
used  to  show  the  overall  bending  of  the  wing  and  had  a  2  inch  focal 
length  lens.  Camera  No.  2  shows  the  bottom  surface  of  the  wing  and 
the  "harp"  set-up  to  show  the  passage  of  the  blast  *ave.  This  camera 
lens  has  a  focal  length  of  2  inches.  Camera  No.  3  shows  a  close-up 
view  of  the  wing  surface  and  has  a  focal  length  of  6  inches.  A  1,000 
cycle  timing  source  was  used  to  orint  timing  marks  on  the  edge  of  the 
16mm  Fastax  film.  These  marks  are  alternately  light  and  dark, 
corresponding  to  the  positive  and  negative  peaks  of  the  1,000  cycle 
time  source.  Tnis  tuning  fork  timer  is  accurate  to  better  than  ±2 
cycles  in  1,000. 

The  right  hand  outer  wing  panel  from  the  F9F  aircraft  was  the  first 
structure  used.  The  wing  was  mounted  on  the  concrete  slab  foundation 
by  means  of  its  attachment  fittings  and  adaoter  elates  so  that  a  line 
normal  to  the  under  surface  at  the  center  cf  the  wing  would  intersect 
the  center  of  the  demolition  charge.  No  ailerons  or  flans  were 
available  for  this  wing.  The  folding  leading  edge  was  not  restrained 
rigidly  to  the  wing,  but  allowed  to  swing  forward  under  the  negative 
pressure  of  the  blast.  On  the  second  (LH)  ring  nmol  the  leading  edge 
was  elastically  restrained  by  moans  of  a  coil  snring  with  a  null  of 
about  75  pounds  (initial  tension). 

The  wing  panels  wore  secured  to  a  1  inch  thick  section  of  2  foot  by 
4  feet  armor  nlatc  as  shown  in  Ficurc  19,  which  in  turn  was  damned 
to  rails  imbedded  in  the  concrete  slab.  Throe  blocks  of  armor  plate 
were  bolted  to  this  plate  by  means  of  studs  through  the  bottom  surface 
of  the  plate.  Pins  wore  inserted  through  these  '-locks  and  the  wing 
hinge  and  lock  fittings  so  that  the  method  of  attachment  was  similar 
to  that  of  the  actual  aircraft.  A  smaller  bolt  served  to  secure  the 
wing  near  the  trailing  edge. 
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Considerable  trou' le  was  cxo  rienced  on  success iv,.  detonations,  as 
hiPher  than  exocct-!d  blast  pressures  were  needed  to  damage  the  wing, 
in  maintaining  the  rigidity  and  integrity  of  the  attach?  ont  fittinps. 
The  clamping  arrangement  shown  in  Figure  19  was  found  to  be  weak  even 
with  the  addition  of  another  claum  on  the  oDaosite  side  of  the  rail 
in  front  of  the  main  spar,  lolts  of  higher  tensile  strength  were 
substituted  for  those  which  stretched,  but  these  stretched  also. 
Finally,  it  became  necessary  to  damn  down  the  entire  forward  and 
backward  edge  of  the  1  inch  c-rmor  plate*  Ty  means  of  additional  7/8" 
plates  with  8  additional  bolts  per  side.  It  was  also  necessary  to 
increase  the  strength  of  the  fittings  holding  thu  wing  to  the  1  inch 
armor  plate.  The  stud  bolts  holding  the  attachment  blocks  were 
increased  from  3/4"  to  1",  with  a  coarser  thread,  and  3  blocks  used 
on  the  lower  fitting  facing  the  blast.  For  the  last  detonations  a 
total  of  six  stud  bolts  were  used  to  hold  the  attachment  fittings  to 
the  plate  on  the  side  facing  the  blast.  At  no  tine  did  the  wing  break 
completely  away  from  its  attachments,  however,  and  damage  to  it  was 
attributable  entirely  to  the  blast. 

The  "harp"  background  used  for  showing  the  blast  wave  approaching  the 
under  surface  of  the  wing  was  made  of  angle  iron  and  1/2"  steel  rod. 
The  two  legs  of  the  right  triangle  thus  formed  were  each  10  feet  long. 
The  contrast  between  the  rods  and  the  background  was  found  to  be 
insufficient,  so  1"  x  3"  boards  were  fastened  to  the  rods  and  painted 
one  half  white  and  one  half  black.  The  "harp"  for  the  majority  of 
detonations  was  placed  between  the  wing  and  the  '’ape  stand  and  on  the 
opposite  side  of  the  wing  from  the  cameras.  The  "harp"  was  omitted 
on  final  shots  as  it  was  felt  that  it  contributed  little  to  the 
recorded  data. 

The  under  surface  of  the  wing  itself  was  painted  in  a  line  grid  so  as 
to  show  deformations  more  readily.  The  pattern  of  the  markings  is 
shown  in  Figures  18  and  19.  The  wide  black  lines  on  the  surface  of 
the  wing  are  positioned  over  the  internal  suonorting  structure  of  the 
wing,  as  indicated  by  lines  of  rivets.  About  half  of  the  vertical 
lines  are  also  over  suooorting  structure  with  each  of  the  remaining 
lines  through  the  center  of  each  area  of  unsupported  skin.  The  hori¬ 
zontal  lines  between  the  wide  lines  simoly  divide  the  area  into  equal 
sections. 
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Figure  16 
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MIT  Blast  Program  -  F9F  right  hand  outer  wing  panel  mounted  on  rails  imbedded  in  a 
concrete  slab.  The  wing  attachment  fittings  are  held  to  the  1"  armor  plate  by  steel  sirs. 


|  Renarkst  Det.  #19  -  450#  TNT  -  76« 

J  and  the  rib  web  at  eta.  #135,  16"  inboard  | 

One  (1)  span  wise  "Z"  stringer  on  the  upper 

surface.  15*  inboard  of  the  trailing  edee 

at  sta.  #136  was  buckled.  Three  (3) 

1 

mninHH 

and  lower  -  and  the  rib  web  at  sta.  #146, 

17*  inboard  of  the  trailing  edge,  also 

wrinkled. 

X  -  Denotes  internal  damage 

Main 
Beam  j 

1 
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/ 

[it 
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Sta. 

204*6 


104* 

182* 

170. 

158. 

146. 
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122. 
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86. 


RIGHT  WING 


OUTER  PANEL.  UNDERSIDE.  Edge  Hinge  Point. 

MOTET  TOT-r"  - 
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Figure  20 


RIGHT  WING  OUTER  PANEL.  UNDERSIDE. 


Movable  1  v 
Edge  Hinge  Point. 


.  ,  .  CONFIDENTIAL 

NP9  49451  19  June  1952  SECURITY  INFORMATION 

Damage  to  Aircraft  by  Blast.  Data  on  Nature  and  Extent  of  Blast  uamare 
Detonation  No.  20,  500  lba.  of  TNT  at  76  feet. 


Figure  21 


Renarks:  Det.  #22  -  500#  TNT  -  73  1/2* 

Moveable  leading  edge's  lower  surface 

dished- In,  damage  extending  fro*  eta. 

#96*5  to  #146.  Mari  mm  depth  was  3/16* 

at  sta.  #122.  Minima  depth  was  1/8"  at 

sta.  #144. 

Tear  in  rib  webs  -  extending  fros 

lightening  hole  flange  through  the  rib 

capstrip  -  occurred  at  sta.  #109.  #121. 

and  #136  on  Moveable  leading  edge.  Span- 

wise  "Z”  stringer  on  lower  leading  edge 

1 

ribs  (sta.  #109.  #121  and  #136). 

Six  (6)  flush  rivets  on  lower  surface  of 

leading  edge  loosened  at  sta.  #109.  five 

iiaMiu  u  ii.u  i  u  i.i 

three  (3)  loosened  at  sta.  #136.  These 

rivets  ran  chordwlse.  attaching  rib  cap- 

prwrrM ■ 

Shaded  area  Indieatea  diahln^-ln 

Z  -  Denotes  internal  damage 

RIGHT  WINO  OUTER 

- ggPETT 

*  * 
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Figure  7  7 


Main  l 
Beam  z£ 


Remarks:  Det.  #23  -  450#  -  70* 


Three  flush  rivets  at  ata.  #109  on  lead¬ 


ing  edge  lower  surface  sheared,  four 


rivets  at  eta.  #121  sheared,  and  three 


rivets  at  sta.  #136  sheared.  Rib  web  at 


6  cracked  from  lighten: 


flange  to  rib  capstrip. 


Sta, 

204,6 


104. 


182, 


170. 


158, 


146 . 


Ik  k,  • 


1^0 
cc  • 


110. 


-  Denotes  Internal  dairage 


Movable  €  Leading 

RIGHT  WING  OUTER  PANEL.  UNDERSIDE.  Edge  Hinge  Point. 
- W0raL"P'9F-4  - 
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Figure  23 


Main 

Beam 


Sta. 

204.6 


Keaarks :  Det.#24  -  450#TNT  -  70' 

$  -  Minor  pulling  of  formation 

light  retainer  ring  between  screws. 

approximately  1/32". 

O  “  Shaded  areas  indicate  a  very 

slight  dishing-in  of  skin. 

It  -  Aileron  push-pull  rod  was 

pinched  slightly  by  vibrating  fore 

and  aft  against  webbing  of  chord. 

-  Wing-tip-tank  fuel  line  was 

pinched  slightly  by  vibrating  fore 

and  aft  against  webbing  of  chord. 

I,  -  Hold-down  strap  for  above 

fuel  line  indicates  minor  pulling 

at  this  point. 


-  Cross-hatched  area  at  base 
of  wing  Indicates  minor  curllng-ln 
of  skin  along  hinged  side  of  the 
movable  leading  edge. 


Movable 

RIGHT  WING  OUTER  PANEL,  UNDERSIDE.  Edge  Hinge  Point. 

- MODEL  P3F-4 
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Figure  24 


Main  L 
Beam  C 


Sta. 

204.6 


Reurka:  pet.#25  -  500#TNT  -  70* 


®  -  Severe  pulling  of  formation 

light;  retainer  ring  pulling  away 

from  3  -  screws  nearest  to  leading 

edge. 

X^  -  Additional  pinching  of  the 

aileron  push-pull  rod;  reduced 

approximately  1/3  in  diameter. 

X?  -  Additional  pinching  of  the 

wing-tip-tank  fuel  line;  reduced 

approximately  1/2  in  diameter. 

X-*  -  Hold-down  strap  for  above 

fuel  line  pulled  loose. 

-  Additional  dishing-in  is 

Indicated  by  shaded  areas. 

RIGHT  WING  OUTER 
- STOTT 


NP9  -  50862 
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DAMAGE  TO  AIRCRAFT 
Detonation  No.  25, 


BY  BLAST  -  Date  on  Nature  end  Extent  of 
500  lbs.  of  TNT  at  70  feet. 

Figure  25 


Blast  Damage. 
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DAI/ AGE  TO  AIRCRAFT  BY  BLAST  -  Data  on  Nature  and  Extent  of  Blast  Damage. 
Detonation  No.  26,  450  lbs  of  TNT  at  67  feet. 

Figure  26 


•w' 


•marks  :Det. #27  -  500#TNT  -  67’ 

^  -  Minor  additional  pulling  of 

;  formation  light. 

-  Arrows  indicate  sheared 

rivets  in  chordwise  gussets  across 

trailing  edge. 

,  face;  extending  from  the  piano- 

hinge  break  (occured  on  Det.#26) 

in  toward  center  of  wing  for  a 

i  distance  of  approx.  18". 

I  -  Rib  webs  shattering  about 

previous  cracked  areas. 

A  -  On  upper  surface,  or  back 

side  of  wing,  skin  opened  along 

spanwise  row  of  rivets  near  rear 

of  movable  leading  edge,  between 

Sta.#98.0  and  #146.0 

B  -  Sta.#98.0  -  14  chordwise 

rivets  sheared  on  movable  leading 

edge . 

C  -  Sta. #123.0  -  Crack  in  skin 

around  leading  edge. 

HIOHT  WINO  OUTER 
- SH5T3ET 


Movable  £  L«edJn| 
PANEL,  UNDERSIDE.  Edge  Hinge  Point. 
P&F-4 
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Fiffuro  27 


u 


u 


Remarks:  Det. #28  -  500#TNT  -  70* 

©  -  Formation  light  retaining 

ring  pulled  approx.  1/16"  between 

screws. 

X  -  Rib  webbing  cracked  from 

spenwise  stringer  recess  to  light- 

ening  hole. 

i”)  -  Shaded  areas  indicate  dished- 

in  skin.  Numerical  values  are  the 

maximum  depths. 

Movable^.  Lesdlng  LEFT  WING  OUTER  PANEL,  UNDERSIDE. 
Edge  Hinge  Point  - HOTEL'  ?W-V - 


Edge  Hinge 
NP9  -  50865 
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DAMAGE  TO  AIRCRAFT  BY  BLAST  -  Date  »on  Nature  end  Extent  of  Blast  Damage 
Detonation  No.  28,  500  lbs  of  TNT  at  70  feet. 

Figure  28 


V 


St  *• 
204.6 


•  •  •  • 


Remarks:  Det.#29  -  500#TNT  -  67’ 

0  -  Additional  pulling  of  form- 

ation  light  retainer  ring  between 

screws . 

>»—*  -  Sta.#172.  -  Upper  surface, 

or  back  side,  (2)  rivets  sheared. 

7  -  Minor  displacement  of  span- 

wise  corner  stiffener  angle  on 

trailing  edge  -  See  accompanying 

!  Photo,  NT9-50781,  Fig.  39. 

I  -  Rib  webs  cracked  from  Ste.  * 

#98.0  thru  #146.0  from  lightening 

hole  to  spanwise  stringer.  Photo 

NP9-50782,  Fig.  40,  taken  inside  of 

movable  leading  edge  at  Sta.#122  is 

typical . 

1 

—  -  External  stall  warning 

angle  protruding  thru  skin  at  Sta. 

#116.0  bent-in,  and  micro  switch 

demaged;  both  inoperative. 

f  -  - -  —  - 

_ _ 

— 

PANEL,  UNDERSIDE. 
FBP="4  - 
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DAMAGE  TO  AIRCRAFT  BY  BLAST  -  Data  on  Nature  and  Extent  of  Blest  Damage. 
Detonation  No.  29,  500  lbs  of  TNT  at  67  feet. 

Figure  29 
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-  Arrows  on  aheet-metal  guaaeta 
across  trailing  edge  Indicate  shear¬ 
ed  rivets. 

A  -  On  back  side,  upper  surface, 

6"  skin  breek  appeared  es  plano- 
hinge  and  supporting  spanwise  angle 

sheared  at  Sta, #171.0 _ 

X  -  Sta, #158.0,  Rib  web  cracked 
from  lightening  hole  to  spanwise 

stringer. _ _ 

-  Shaded  areas  indicate  skin 
dlsh-in.  Numerical  values  are  Max. 
depth  in  inches. 
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DAMAGE  TO  AIRCRAFT  BY  BLAST  -  Data  on  Nature  end  Extent  of  Blast  Damage. 
Detonation  No.  30,  500  lbs  of  TNT  at  64  feet. 

Figure  30 


Remarks:  Det.#31  -  500#TNT  -  61 


Formation  light  pulled  out 


-  Remaining  (arrows)  rivets  ell] 
sheered  In  gussets  across  trailing 


edge.  Beck  side 


upper  surface,  was 


forced  behk  and  away,  causing  In 


dlcated  akin-tear  at  Sta.#170 


See  accompanying  Photo 


NP9-50785,  Fig.  48 


Ste .#86.0  thru  #170*0 


ovable  leading  edge  dlshed-ln  and 


and  moved  backward.  See  accompanyin 


hotos,  NP9-50783,  Fig.  46;  and 


TP 9-50784,  Fig.  47 


Shaded  areas  Indicate  akin 


Numerical  values  are  Max 


epths  in  inches 


Mo vableCT  Leading  LEFT  WIND  OUTER  PANEL.  UNDERSIDE 

Edge  Hinge  Point  kODEL  F9F-4 
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DAMAGE  TO  AIRCRAFT  BY  BLAST  -  Data  on  Nature  and  Extent  of  Blest  Damage. 
Detonation  No.  31,  500  lbs  of  TNT  at  61  feet. 

Figure  31 
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Damage  to  Aircraft  by  Blast  -  Front  view  of  under  side  of  model  F9F-4, 
RH-Outer  wing  panel  and  mounting  positioned  on  rails  embedded  in  con¬ 
crete  slab,  showing  rail  beneath  main  wing  spar  worked  loose  by  detona 
tion  #27.  Figure  38 
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CONFI DENTIAL 

NP9- 50778  20  June  1952  SECURITY  INFORMATION 

Damage  to  Aircraft  by  Blast  -  Front  view  of  under  surface  of  model 
F9F-4,  RH-Outer  wing  panel  showing  ruptured  skin  on  movable  leading 
edge  resulting  from  detonation  #27.  Arrow  indicates  extent  of  sSS 
tear.  Note  -  14  rivets  gone  at  station  #86. 

Figure  39 
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5076O  20  June  1952  JEC'uHITl  I«F0h...ATlL  • 

Damage  tc  /aircraft  by  blast  -  A  rear  chordwise  view  of^model  F9F-4 , 
RH-Cuter  wing  panel  showing  "dishing-in"  of  chords  of  the  movable 
leading  edge,  resulting  from  aetonations  # 26  and  #?7. 

FI pure  41 _ 


CONFUENTIAL 

NP9- 50776  20  J line  1952  SECURITY  INPOhLlATK  n| 

Damage  to  Aircraft  by  Blast  -  A  r>  ar  view  of  the  upper  surface  of 
model  F9F-4,  RH-Outer  wing  janel  snowing  damage  to  t  ailing  euge  and 
skin  resulting  fron.  detonation  #27.  Note  jrotrudlng  movable  leadlng| 
edge.  Figure  42 
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NP9- 50783  1  July  1952  SECURITY  INFORM 
Damage  to  Aircraft  by  Blast  -  A  rear  view  of  upper  surface  of  m 
F9F-4,  LH-Outer  wing  panel  showing  damaged  movable  leading  edge 
resulting  from  detonations  #30  and  #31* 


Figure  46 
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MP9- 50784  1  July  1952  SECURITY  INFCiU-  hTICN 

Damage  to  Aircraft  by  Blast  -  View  of  under  surface  of  model  F9F-4, 
LH-Outer  wing  panel  showing  ruptured  movable  leading  edge  resulting 
from  detonations  #30  and  #31*  * 

Figure  47 
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Damage  to  Aircraft  by  Blast  -  A  rear  view  of  the  upper  surface  of  the 
model  F9F-4,  LH-Outer  wing  panel  showing  damage  to  trailing  edge  and 
skin  resulting  from  detonations  *30  and  #31,  Note  arrow  on  station  #17l 
Indicating  extent  of  skin  break. 

:ure  48 
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Daaage  to  Aircraft  by  Blaat.  Deflection*  of  the  79?  RH  outer  wins  panel,  a*  traced 
fron  high  apeed  notion  picture*,  rereua  tinea  In  millisecond*.  The  llnee  represent 
the  under  eurface  of  the  panel  ae  eeen  fron  ranera  #1  (90*  to  line  between  wing  and 
charge).  The  arrow  indicate*  direction  of  approach  of  blaat  wnw*. 

Figure  *9 
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SYNOPSIS 
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1.  Thl»s  ijs  a  partial  report  on  the  blast  program  undertaken  in 
accordance  with  reference  (a)  under  Task  Assignment  Ho.  NPG-Re2c- 
36-1-52.  The  blast  program  was  set  up  to  furnish  experimental  data 
to  supplement  analytical  work  being  conducted  by  the  Massachusetts 
Institute  of  Technology  under  Bureau  of  Aeronautics  Confidential 
Contract  NOas  51-8o6-C.  These  data  were  to  be  obtained'-by  firing 
charges  of  TNT  up  to  500  lbs.-  in  weight  at  suitable  distances  from 
aircraft  structures  so  as  to  subject  these  structures  to  increasingly 
severe  blast  oressures.  The  significant  parameters  of  the  blast  wave 
were  to  be  measured  by  means  of  electronic  instrumentation  and  were 
to  be  accompanied  by  careful  visual  and  photographic  observation  of 
the  effects  of  th*  blast  wave  on  the  structure. 


2.  This  report  covers  a  series  of  31  charges  uo  to  500  lbs,  in 
weight  which  were  detonated  in  the  period  through  1  July  1952.  Tro 
outer  wing  panels  from  an  F9F  aircraft  v/ere  used  for  all  of  these 
detonations. 

3.  In  general  the  damage  to  the  F9F  wing  occurred  at  a  much  higher 
level  of  blast  pressure  than  had  been  anticipated,  with  first  notice¬ 
able  damage  occur'rring  at  11  psi  (free  peak  overpressure)  .  Damage 

to  the  wing  from  this  point  on  was  largely  internal  except  for  a 
dishing  in  of  the  skin  of  the  movable  leading  edge.  This  damage 
reached  proportions  which  might  have  endangered  the  aircraft  in 
flight  only  at  pressures  of  the  order  of  20  psi.  The  hieh  speed 
motion  pictures,  as  may  be  seen  in  Figure  49,  shewed  overall  bending 
of  the  wine  to  be  considerable. 


4.  High  speed  motion  pictures  of  the  behavior  of  these  structures 
when  subjected  to  blast  are  being  forwarded  to  MIT  under  separate 
cover. 


5.  Conclusions: 

a.  It  is  concluded  that  blast  damage  to  the  F9F  wing  (without 
ailerons,  tin  or  flap)  is  largely  caused  by  flexure  of  the  wing  as 
a  whole,  exceat  for  slight  crushing;  of  the  leading  edge. 

b.  It  is  concluded  that  the  tyne  of  construction  employed  in  the 
F9F  wing  has  a  very  high  resistance  to  damage  by  blast,  but  that  re¬ 
sults  of  tests  on  the  wing  panel  alone  do  not  necessarily  imoly  that 
the  aircraft  as  a  whole  v;ill  withstand  similar  blast  oressures. 
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Damage  to  Aircraft  by  Dlar-t 


PART  B 


INTRODUCTION 


1.  AUTHORITY: 

The  work  described  in  this  report  was  undertaken  in  accordance 
with  references  (a)  and  (b)  under  Task  Assignment  Nos.  N?G-Re2c- 
36-1-52,  which  was  established  by  reference  (a),  and  N?G-Re2c-36-2- 
T2,  which  was  established  by  reference  (b). 

2.  REFERENCES: 

a.  BUORD  Conf  ltr  Re2c-GFS:rjb  NP9  Ser  30243  of  7  Dec  1951 

b.  BUORD  Conf  ltr  N?9  Re2c-GF3:rjb  Ser  40240  of  5  June  1952 

3.  BACKGROUND: 

a.  The  Bureau  of  Aeronautics  is  currently  engaged  in  various 
programs  to  obtain  data  on  the  response  of  Naval  Aircraft  structure 
to  blast  loads.  A  part  of  this  urogram  covering  the  analytical 
aspects  of  the  problem  is  being  conducted  by  the  Massachusetts 
Institute  of  Technology  under  Bureau  of  Aeronautics  confidential 
contract  NOas  5i-p,06-C.  In  order  to  determine  adequately  the  effect 
of  blast  and  associated  phenomena  on  specific  Naval  aircraft,  it  is 
necessary  to  supplement  the  analytical  work  with  experimental  test 
work,  of  which  this  program  is  a  part. 

4.  OBJECT  OF  TEST: 

The  object  of  this  program  is  to  investigate  the  effects  of  bias 
on  structural  components  of  aircraft  and  finally  to  determine  the 
values  of  blast  parameters  which  produce  critical  structural  damage. 

5.  PERIOD  OF  TEST: 

a.  Date  Project  Letters  7  December  1951 

5  June  1952 

b.  Date  Necessary  Material  Received  4  March  1952 

c.  Date  Commenced  Test  (Preliminary  Work;  15  December  1951 

(Actual  Detonations)  23  April  1952 
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PART  C 


DETAILS  OF  TEST 


6.  DESCRIPTION  OF  ITEM  UNDER  TEST: 

The  structures  covered  in  this  partial  reoort  are  new  outer  wing 
panels  of  the  F9F  aircraft.  The  first  was  a  right  hand  panel  and 
the  second  a  left  hand  panel.  No  ailerons,  flaps  or  wing  tiDs  were 
available.  Details  of  the  wing  and  its  mounting  may  be  seen  in 
Appendix(D). 

7.  DESCRIPTION  OF  TEST  EQUIPMENT* 

I  ' 

The  methods  used  in  the  recording  of  blast  parameters  are  in¬ 
cluded  as  Appendix  (A).  A  detailed  description  of  the  electronic 
instrumentation  employed  in  the  recording  of  blast  oarameters,  to¬ 
gether  with  notes  and  discussion  of  the  instrumentation,  is  included 
as  Appendix  C\  In  brief,  electronic  instrumentation  involved  the  use 
of  recording  cathode  ray  oscillographs,  with  associated  amplifiers, 
piezo-electric  gages,  and  other  equipment,  to  record: 

a.  A  time  history  of  free  overpressure. 

b.  A  time  history  of  reflected  overpressure. 

c.  Free  air  peak  overpressures  by  the  velocity  method. 

In  addition,  three  16mm  Fastax  cameras  were  used  to  show  the 
blast  wave  and  the  wing  deflections.  The  lay-out  of  these  cameras 
relative  to  the  test  area  and  to  the  structure  is  described  in  detail 
in  Apoendix  0). 

8.  PROCEDURE: 

After  preliminary  testing  of  the  instrumentation  in  the  field, 
using  small  charges,  a  right-hand  wing  panel  from  an  F9F  aircraft  was 
set  up  at  the  blast  area  and  a  scries  of  detonations  made,  using 
charges  ranging  from  350  to  500  rounds  of  TNT.  Charges  and  distances 
were  varied  so  as  to  increase  the  free  oeak  overpressure  in  increments 
of  aoproximately  0,5  psi.  The  method  of  attachment  of  the  wing  and 
its  orientation  with  respect  to  the  charge  is  described  in  detail  in 
Apoendix(D).  The  schedule  of  detonations  and  other  detailed  infor¬ 
mation  regarding  them  is  included  with  recorded  pressures  and  other 
data  in  Appendix  (B).  After  each  detonation,  the  wing  was  examined 
carefully  for  any  evidence  of  damage,  and  deformations  or  breakages 
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recorded.  This  procedure  was  followed  until  canape  to  the  wine  had 
proceeded  to  the  point  at  which  the  aircraft  probably  could  not  have 
returned  to  base  had  it  been  in  flight.  A  second  F9F  (left-hand) 
wing  was  then  set  up  in  the  same  manner.  The  charge  weipht  and  dis¬ 
tance  for  the  first  detonation,  using  the  second  winp.  were  selected 
so  as  to  give  a  blast  pressure  slightly  less  than  that  of  the  final 
detonation  using  the  first  wing.  Successive  detonations  were  desipned 
to  give  increased  pressures  in  suitable  increments.  A  total  of  four 
detonations  caused  damape  slightly  greater  than  that  of  the  first  wirg 
at  the  conclusion  of  its  testing,  and  testing  of  the  F9F  wing  was 
concluded  at  this  point. 

9.  RESULTS  AND  DISCUSSION » 

a.  The  detailed  results  of  recorded  blast  parameters  are  in¬ 
cluded  as  Appendix  (B).  Appendix  (A)  includes  explanatory  matter  and 
discussion  of  instrumentally  recorded  results  from  the  point  of  view 
of  their  meaning  and  validity.  In  these  data,  each  detonation  is 
assigned  a  number  in  the  chronological  order  of  firing.  These  numbers 
are  used  to  identify  all  data  submitted  in  this  report. 

b.  The  results  cf  wing  damage  assessment  are  shown  in  detail  in 
Appendix  (E) .  On  each  detonation  where  damage  was  evident,  a  form 
ras  prepared  showing  the  exact  location  and  nature  of  the  damage. 
Photographs  were  taken  whenever  practicable  as  an  aid  in  describing 
the  damage. 

c.  In  general,  the  damape  occurred  at  a  much  higher  level  of 
blast  pressure  than  had  been  anticipated.  (First  damage  occurred  at 
11  psi  free  peak  overpressure).  Consequently,  the  initial  detonations 
might  have  been  designed  to  give  higher  pressures  and  many  of  them 
might  have  been  eliminated.  These  initial  detonations  were  not  en¬ 
tirely  wasted,  however,  as  much  valuable  experience  was  gained  in  the 
recording  of  data,  assessment  of  damage  and  conduct  of  the  test  in 
general. 

d.  The  mechanism  of  the  wing  failure  was  also  different  from  that 
anticipated.  Due  to  the  thick  skin  of  the  wing  and  the  large  number 
of  supporting  members,  permanent  deformations  of  the  wing  skin  did  not 
occur*  except  in  the  hinged  leading  edge,  and  there  only  v.’hcn  subjected 
to  very  high  oressurcs.  The  failure  of  the  skin  of  the  wing  on  the 
side  opposite  to  the  blast  on  detonation  No.  28  was  attributed  to 
weakening  and  shearing  of  internal  structure  caused  by  the  overall 
flexing  of  the  wing.  The  high  blast  pressures  required  to  damage  the 
structure,  while  indicative  of  an  impressive  resistance  to  damage  to 
aircraft  by  blast,  may  not  be  a  true  picture  of  the  resistance  of  the 
whole  aircraft.  Failure  of  ailerons,  flaps,  canooy,  or  empennage 
might  well  have  caused  loss  of  the  aircraft  at  much  lower  pressures. 
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e.  The  final  detonation  on  the  second  ’vine,  which  resulted  in 
extensive  damage,  produced  a  free  peak  overpressure  (30  psi)  which 
was  much  greater  than  had  been  anticipated  on  the  basis  of  previous 
work.  Examination  of  high  speed  motion  pictures  of  this  detonation 
showed  an  irregularity  in  the  Mast  which  may  account  for  tho  anomaly. 
A  spear  of  flame  (so  called  because  of  its  sharp  noint  and  included 
angle  of  about  45°)  was  observed  to  pass  the  wing  on  the  side  opposite 
the  cameras  and  quite  close  to  tho  gage  stands.  Subsequent  pictures 
of  the  explosions  themselves  have  shown  this  spear  phenomenon  to  be 
not  uncommon,  occurring  to  a  greater  or  lesser  degree  in  approximately 
half  the  detonations.  Its  effect  is  believed  to  be  greater,  the  closer 
the  approach  to  the  charge.  The  particular  combination  of  charge 
weight  and  distance  used  on  this  final  detonation  was  used  on  a  later 
detonation  without  a  structure  in  place,  but  otherwise  under  closely 
similar  conditions.  A  blast  pressure  of  about  26  psi  was  recorded, 
indicating  the  variation  to  be  expected  from  individual  differences 

in  detonations.  Combined  with  the  fact  that  the  empirically  determined 
curve  of  blast  pressure  clotted  against  reduced  distance  is  quite 
steep  in  this  region,  such  a  large  variation  indicates  the  desirability 
of  using  longer  distances  and  increased  charge  weights  tc  obtain  the 
blast  pressures  necessary  to  damago  the  F9F  wing. 

f.  It  is  realized  that  the  damage  assessment  data  for  this  wing 
do  not  convey  much  in  the  indication  of  threshold  damago,  i.e.,  the 
damage  which  would  not  endanger  the  aircraft  but  which  would  nc-ces- 
3j bate  repairs  before  resumption  of  routine  flights.  The  nature  of 
such  damage  to  wings  of  this  type  is  largely  internal  and  must  bo 
deduced  from  evidence  that  requires  a  trained  eye  to  detect  and  inter¬ 
pret.  Closer  attention  will  be  given  such  evidence  on  future  assess¬ 
ments  in  the  light  of  results  obtained  to  date. 


PART  D 


CONCLUSIONS 


10.  a.  It  is  concluded  that  blast  damage  to  the  F9F  wing  (without 
ailerons,  tip  or  flap)  is  largely  caused  by  flexure  of  the  wing  as  a 
whole,  except  for  slight  crushing  of  the  leading  edge. 

b.  It  is  concluded  that  the  type  of  construction  employed  in 
tho  F9F  wing  has  a  very  high  resistance  to  damage  by  blast,  but  that 
results  of  tests  on  the  wing  p<*ncl  alone  do  not  necessarily  imply 
that  the  aircraft  as  a  whole  will  withstand  similar  blast  pressures. 
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